Abstract
Dalitz decays [1] , in which a virtual photon is internally converted to an e + e − pair, have been observed in several vector-to-pseudoscalar decays of light mesons (e.g., ω → π 0 e + e − , φ → π 0 e + e − , and φ → ηe + e − ) [2] . However, such decays have not been reported in electromagnetic decays of mesons containing charm or bottom quarks. This Letter reports the first observation of such a decay, D * + s → D 
can be written as [4] dR ee
where q is the four-momentum of the virtual photon, m x represents the mass of particle Ring (CESR). The CLEO-c detector is equipped with a CsI(Tl) calorimeter [5] to detect photons and determine their directions and energies, and two concentric cylindrical wire drift chambers [6] to track the trajectory of charged particles. The tracking chambers operate in an axial 1 T magnetic field to provide momentum measurements. The beam pipe and the drift chambers present under 2% of a radiation length of material, minimizing multiple scattering of charged particles and photon conversions. Charged hadron identification is achieved using energy loss (dE/dx) in the drift chambers and Cherenkov radiation in the RICH detector [7, 8] .
The default Kalman filter track reconstruction used to process CLEO data includes corrections for dE/dx and multiple scattering in the beam pipe and detector material, assuming each track has the mass of a pion, kaon, and proton. The e ± tracks in this analysis are rather soft, with energies below 150 MeV, where dE/dx is very different from that of any of those three mass hypotheses. Therefore, to improve sensitivity, we reprocess events containing at least one exclusively reconstructed D + s candidate, adding an e ± mass hypothesis for each charged particle. Details of this analysis appear in Ref. [9] . CLEO has previously observed two other Dalitz decays, η → e + e − γ [10] and η ′ → e + e − ρ 0 [11] , in both of which the e ± were substantially more energetic and did not need reprocessing.
We reconstruct D + e − tracks are required to pass within 5 cm of the interaction point in the direction parallel to the beam-axis and within 5 mm of the beam-axis in the transverse directions. The dE/dx of each e ± candidate is required to be within 3σ of that expected for electrons. All charged pions and kaons in the D + s decay chain are identified as such using a combination of dE/dx and RICH information as described in Ref. [12] . We require the reconstructed D These selection criteria are applied on simulated samples of our signal to obtain the selection efficiencies for signal events ǫ i ee , where i stands for one of the nine decay modes of the D + s used in this analysis. These criteria are applied to data in order to obtain the yields of events n i ee . These numbers are presented in Table I for each decay mode of the D + s . Having established selection criteria using simulations, the background b i ee in the signal region for each mode i is estimated from the fit of an M BC background function to the data in the M BC sidebands for that mode. The shape of the M BC function is fixed and is common to all modes. The function incorporates the kinematic limit and its parameters are determined from simulations. This shape is illustrated in Fig. 1(a) . A similar estimate of b i ee obtained from the δM distribution and the difference between this estimate and the M BC estimate is taken as the systematic uncertainty inherent in the procedure. The estimated background for each mode is presented in Table I region is compared to that expected in our simulations and presented in Fig. 2 . The distributions are found to be in good agreement, with a Kolmogorov-Smirnov probability of 0.86 for the events to share the same parent distribution. range is required and its electromagnetic shower in required to have a lateral spread narrower than 99% of true photons. The allowed window for δM is broadened to account for worse resolution in calorimetric photon energy as compared to tracking-based e + e − measurements. For similar reasons, the mass window restriction on M BC is removed and the signal yield is extracted from a fit using background and signal shapes determined from simulations, as depicted in Fig. 3 
, we expect a yield of ∼15 (36) events, about 1 (13) of which are background. After unblinding the data as shown in Table I , we find yields n i ee quite close to those expected from our predicted R ee and Monte Carlo simulations. Yields from individual non-K + K − π + modes range from 1 to 7, consistent with expectations.
For each of the D 
We consider systematic uncertainties of the signal yields and efficiency ratios in our measurement of R ee . The systematic uncertainty in b i ee contributes a fractional uncertainty of 10.6%. Systematic uncertainties in y i γ and statistical uncertainties in ξ i contribute a total fractional systematic uncertainty of 2.0%. Two systematic uncertainties remain; first, an uncertainty due to the different selection criteria on M BC and δM, as described above, which is estimated to be 4.1%; second, the uncertainty in the ratio of reconstructing an e + e − pair to that of a γ. The uncertainty in this ratio is estimated by studying the decay ψ(2S) → J/ψ π 0 π 0 . The ratio between the number of events where one of the π 0 decays to γe + e − and the number of events where both π 0 decay to γγ must be equal to twice the ratio of branching fractions R 
We use this result to re-evaluate the absolute branching fractions of the D * + s meson as presented in Table II .
In summary, we report the first observation of a third decay mode of the D * + s , the D * + s → D + s e + e − . We observe 51 candidate events in our signal region with an expected background of 12.6 events. The signal significance is 5.3σ. The ratio of branching fractions R ee is measured as presented in Eq. (4) and found to be consistent with our theoretical prediction. This implies that existing estimates of D * + s branching fractions should be revised. We gratefully acknowledge the effort of the CESR staff in providing us with excellent luminosity and running conditions. This work was supported by the A.P. Sloan Foundation, the National Science Foundation, the U.S. Department of Energy, the Natural Sciences and Engineering Research Council of Canada, and the U.K. Science and Technology Facilities 
